The purpose of this study was to determine whether fatty acids have an antagonistic effect on the growth and viability of Salmonella organisms. Thirty-two different lipid materials were used, utilizing a wide range of short and long free fatty acid chains expressed as per cent oleic acid.
Pathogenic Salmonella organisms are widely distributed in nature and may be transmitted via man, animals, and birds (4) . Animal by-product meals may become recontaminated after preparation and could, in turn, contaminate mixed feeds. In a recent report covering a survey of inedible rendering plants (5) , it was hypothesized that there may be a Salmonella antagonist, possibly free fatty acids, in partially decomposed fatty tissues. These Salmonella antagonists appear to have a similar effect on the viability and growth of gram-positive and liptospirae microorganisms (3, 6) . Van der Schaaf-Bilthoven (8) found that the addition of acetic acid and butyric acid to nutrient media in the same quantities which occur in the caecum and colon of normal mice inhibited completely the growth of S. enteritidis at acidities below pH 6.2. Tests in vitro showed that nonvolatile acids of the citric acid cycle prevented the growth-inhibiting action of the volatile fatty acids.
The effectiveness of antibacterial action of fatty acids has been acknowledged by Bayliss (1) . It has been reported that germination of the spores of Clostridium botulinum is inhibited by oleic acid (2) . Certain viruses are also reported to be repressed by fatty acids (7) . added to the sterile meal, so that the finished blend contained 5, 10, 15, 20, 25, and 50% free fatty acid levels by adding a known composition to the defatted meat meal. The samples were then inoculated with the Salmonella culture and incubated for 24 hr at 37 C. After the initial 24-hr incubation period, the bacterial count was taken at 24, 48, and 72 hr, and at 1 week on Brilliant Green (BG) agar. The average of these four counts was taken and related to the free fatty acid content of the experimental materials (Table 1) .
MATERIALS AND METHODS
Different species of microorganisms show wide variations in tolerance to antimicrobial agents. The degree of effectiveness may be determined by measuring the diameter of the zone of inhibition. The procedure used in these experiments is a modification of the sensitivity method (9) . To perform this test, a 24-hr Salmonella culture was prepared at 37 C in selenite cystine broth. The inoculum was spread evenly by cotton swabs on petri plates (100 by 15 mm) consisting of blood-agar BG agar, eosin methylene blue agar, and Salmonella-Shgella agar. Paper discs, 12.7 mm in diameter, were soaked for a few seconds in the respective experimental materials. Three discs were suspended by forceps in each petri plate and were pressed firmly to the surface of the medium. Each plate contained 20 ml of medium. The plates were incubated for 24 hr at 37 C and were checked for the degree of inhibition by measuring the diameter of each zone. A pour plate method was also evaluated.
A BG agar was thoroughly mixed with a known amount of Salmonella culture and with 5% of each of the experimental materials. The agar containing the Salmonella culture and the fatty material was then poured into petri dishes. The plates were incubated for 48 hr at 37 C. The growth was checked by observation only.
The culture used for all of the experiments was a mixture of the following Salmonella-Shigella strains: (i) S. senftenberg ATCC 8400, (ii) S. typhi ATCC 6539, (iii) S. choleraesuis ATCC 10708, (iv) S. typhimurium ATCC 6994, and (v) Shigella flexneri ATCC 9199.
For the preparation of inoculum, fresh cultures were used. A 1.0-ml amount of each serotype culture was introduced into 100 ml of selenite cystine broth and was incubated for 48 hr at 37 C. A 10-ml amount of ANTAGONISTIC EFFECT OF FATTY ACIDS 
RESULTS AND DISCUSSION
The sensitivity and pour plate techniques were used to determine the effect of 32 fatty materials, containing various amounts of free fatty acids, on Salmonella. The results of these tests are presented in Table 1 . Fatty materials of relatively high molecular weight, including both triglycerides and free fatty acids containing nine or more carbon atoms (Table 1) , inhibited Salmonella growth to some extent when evaluated by the pour plate and sensitivity methods. When these triglycerides and high molecular weight fatty acids were added to meat and bone meal inoculated with Salmonella, the initial bacterial count was immediately reduced and no additional change occurred when the samples were incubated for 1 week at 37 C. In view of these results and those obtained by other investigators, it appeared likely that shorter chain fatty acids could exert a bacteriostatic or a bactericidal or both types of effect on Salmonella. It also appeared that other organic and inorganic acids should either exert an antagonistic effect or enhance the activity of these volatile fatty acids through their acidity. It was shown that this is indeed true (Table 2) . Citric, lactic, phosphoric, acetic, and propionic acids all exhibited inhibitory effects on Salmonella.
Thus, fatty materials, particularly the low molecular weight volatile fatty acids, exert inhibitory and, in some cases, bactericidal effects against Salmonella not only in culture media but also in high protein meal. These findings may form the basis for the development of formulations containing these nontoxic, naturally occurring compounds to control Salmonella in products produced by the rendering and allied industries.
